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Available online 10 December 2015AbstractZinc oxide thin films were deposited on glass slide from aqueous solution of ZnCl2 and NaOH by chemical bath deposition
method. The films of various thicknesses have been obtained by varying the concentration of TEA (1 M0.01 M). Optical
properties, surface morphology and particle size of the deposited thin film have been studied by U.V spectrophotometer (Varian)
SEM and XRD. The optical band gap of the ZnO thin film was found in the range of 2.59e3.57 ev. Optical constant is such as
refractive index, extinction coefficient, real and imaginary parts of dielectric constant were evaluated from reflectance, trans-
mittance and absorbance curve. The film show high transmittance in the visible/near infrared region. Reflectance (10%e20%),
refractive index (2e2.6), extinction coefficient (0.04e0.075), real (4e7) and imaginary parts (0.2e.0.3) of dielectric constant are
obtained in visible/near infrared region. SEM studies shown plate and powder like morphology of sample. Particles size is obtained
in nano range.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Owing to a direct wide band gap (3.37 eV), large
exciton binding energy (60 meV), and superior con-
ducting properties based on oxygen vacancies, the
wurtzite-structured [1e4,8,11,12]. Zinc oxide (ZnO)
has become one of the most promising materials and* Corresponding author. Tel.: þ91 9826147908.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/has lots of research interest due to their unique struc-
ture and size dependent electrical, optical and me-
chanical properties. ZnO nanostructures were studied
extensibly owing to their potential applications in
nano-devices and optical materials [40,41].
Different techniques to synthesized nano and Micro
range phosphor such as spray plasma-enhanced
chemical vapour deposition [13], sol gel [1], sputter-
ing [20]; pyrolysis [18], solid state reactions
[15e17,26,28,29,33,36], co-precipitation [22,31,43]
and combustion [24,25,27,34,35] etc have been used,
but in recent times much interest has been generatedn behalf of University of Kerbala. This is an open access article under
4.0/).
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simple cost; effective, reproducible and the material
are readily available [7,9,45]. The technique is simple
cost; effective, reproducible and the material are
readily available. As compared to other oxide material
ZnO material is much cheap and easily available ma-
terial [3,29,38e42].
Another advantage of the CBD method over other
method is that the film can be deposited at different
shapes and size of substrates.
In this paper, we report that decreasing in concen-
tration of TEA, band gap increases.
2. Experimental procedure
2.1. Synthesis of ZnO nanopowder
The ZnO thin films were prepared by chemical bath
technique at room temperature (28 C). The reaction
bath is composed of ZnCl2, NaOH and TEA (tri
ethanolamine) used as complexing agent. For deposi-
tion of the film, commercial quality glass microscope
slides of dimension 16 mm  26 mm  1 mm are used.
Prior to use, these glass slides were soaked in aqua
regia, a mixture of concentrated HCl and HNO3 in the
ratio of 3:1. They were removed after 24 h and washed
thoroughly in cold detergent solution, rinsed in
distilled water and drip dried in air. The properly
degreased and cleaned substrate surface has the
advantage of producing highly adhesive and uniform
film.
The substrate was immersed vertically at the centre
of reaction bath in such a way it should not touch the
walls of the beaker. Only one concentration of ZnCl2
(0.04 M) and of NaOH (0.08 M) were used in this
method. Tri ethanolamine was used either directly or as
aqueous solution with varying concentration of TEA to
prepare various samples.
At the end of the dip period, the films are washed
and drip-dried in air. Post deposition annealing of the
films expelled the water molecules resulting in the
ZnO. The annealing temperature used in this study was
563 K [14].
The optical absorbance, transmittance, and reflec-
tance of the film were studied in the spectral range of
285e1000 nm using UV spectrophotometer (Varian).
The surface morphology of the white precipitate
was determined by Scanning Electron Microscope
(SEM) JEOL6380A. The structural parameters of the
powder were determined using X-Ray Diffraction
technique. The XRD patterns were recorded with Pan
analytical XPRT IPRO using a Cu Ka radiation source(l ± 1.54056 Å). The X-rays were detected using a fast
counting detector based on silicon strip technology
(Bruker Lynx Eye detector). Thickness is calculated by
the formula.
t¼m=A*r
where
m ¼ mass
A ¼ area
r ¼ density
Reaction mechanics is as follow [14]
ZnCl2 þ TEA↔ ZnðTEAÞ2þ þ 2Cl
ZnðTEAÞ2þ ↔ Zn2þ þ TEA
NaOH þ OH ↔ Naþ þ 2OH
Zn2þ þ 2OH ↔ ZnðOHÞ2
ZnðOHÞ2 ↔ ZnO þ H2O
2.2. Measuring instruments
We have characterized by employing scanning elec-
tron microscopy (SEM) and XRD. SEM was used for
morphological characterization of sample. The surface
morphology of the white precipitate was determined
by scanning electron microscope (SEM) JSM-7600F.
The structural parameters of the powder were deter-
mined using X-ray diffraction technique. The XRD
patterns were recorded with Bruker D8Advanced X-ray
diffractometer using a Cu Ka radiation source
(l ¼ 1.54056 Å). The X-rays detected using a fast
counting detector based on Silicon strip technology
(bruker Lynx Eye detector) [15,30e37].3. Result and discussion
In direct Used of TEA (sample 219) the colour of
the film was white but when we decrease the concen-
tration of TEA in aqueous solution the whiteness of the
deposition film decreases and become almost trans-
parent, and their band gap also increases. In sample
219 (3 ml of direct solution of TEA) we obtain band
gap as 2.59 eV [14] and transmittance between 30 and
40%. In sample 311 we used 10 ml of 1 mol aqueous
solution of TEA, we obtain band gap as 2.92 eV and
transmittance between 40 and 50%. In sample 339 and
328 we used 8 ml of 0.1 and 8 ml of 0.01molarity
Table 1
Deposition parameter and thickness of ZnO thin film.
Sample no. Avg. thick-ness mm Period of
deposition (hrs)
Band gap eV
219 0.642 24 2.59
311 0.547 24 2.92
339 0.286 24 3.37
328 0.180 24 3.57
Fig. 2. Absorbance as a function of wave length.
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3.37 and 3.57 eV and transmittance between 60 and
80%. We obtain different result when we used aqueous
solution of TEA. Same results are also reported in case
of lead hydroxide [5,6,41,44]. The deposition param-
eters and thickness of the film are shown in Table 1.
3.1. Optical band gap
Fig. 1 and Fig. 2, show the optical transmittance,
reflectance, and absorption curve of deposited ZnO
film of two thicknesses (0.286 and 0.180 mm) of 339
and 328 sample.
Fig. 1 show that transmittance increases with
decreasing concentration of the TEA and with
decreasing thickness. Higher transmittance is observed
in IR region. This indicates that film is a good material
for warming applications in low temperate regions; it
could be used as window glazing to create warmth in
the house. It could also be very useful in Agriculture
especially creating warmth for chicken in a poultry
farm. On the other hand reflectance decreases rapidly
with increase in wavelength falling from about 20%
near UV region to about 12% near Infrared region [19].
The band gap of themetallic oxidewas determined by
plotting (ahv)2 as a function of hv, and extrapolating the
linear portion of the curve to (ahv)2 ¼ 0 as shown inFig. 1. Transmittance (T) as a function of wave length.Fig. 3. Thevalue obtained for the optical band gap is 3.37
and 3.57 eVof 339 and 328 sample.
It implies that with higher concentration of TEA,
reaction rate high and we get large particle and vice
verse [17,42].
3.2. Extinction coefficient
Islam and podder reported [1] the absorption coef-
ficient can be calculated by a ¼ A/d.where A is
the optical absorbance and d is thickness of the film.
The extinction coefficient can be obtain from the
relation ¼ al/4p.
The refractive index (n) and extinction coefficient
(K) value provide the optical properties of the film.
The variation of extinction coefficient with wave
length is shown in Fig. 4. It is observed that the
extinction coefficient decreases with the increase of the
thickness of the film. The rise and fall in the extinction
coefficient is directly related to the absorption of light
[1]. From Fig. 4 it is clear that K decreases rapidly withFig. 3. Plots of (ahv)2 ev2 m2 against hv.
Fig. 4. Variation of extinction coefficient as a function of wave
length.
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value of K gradually increases.
3.3. Refractive index
The refractive index has been calculated using the
relation reported by Islam and podder [1]. The varia-
tion of refractive index with wave length for of 339 and
328 sample is shown in Fig. 5. From fig. it is evident
that refractive index between 2 and 2.58 in the visible/
near infrared region [1,14], means that electromagnetic
radiation is 2e2.58 time slower in the oxide films than
in the free space and increases with the decrease in
thickness of the film, which is in good agreement. In
sample 219,311 we obtain value of refractive index is
1.6e2.1. Low refractive index occurs due to successive
internal reflection or due to the trapped photon energy
with the grain boundary.
It is also attributed to the variety of impurities and
defects with the increase of the thickness of the filmFig. 5. Refractive index as a function of wavelength.and this implies that there is a strong optical scattering
in the sample [1].
3.4. Dielectric constant
The real εr and imaginary εi parts of dielectric con-
stant were determined using the formula εr¼ n2 k2 and
εi¼ 2nk. The variation of the real and imaginary parts of
the dielectric constant for different film thickness is
illustrated in Fig. 6(a) and (b) of 339 and 328 samples.
Fig. 6(a) revealed that the value of the real part
(4e7) is higher than that of the imaginary part
(0.2e0.45). From the optical data, it is observed that
refractive index (n), extinction coefficient (k), and the
real and imaginary parts of the dielectric constant
follow the same pattern [1,14].
3.5. SEM study
SEM image of ZnO, plate and powders like struc-
ture are shown in Fig. 7 (sample 311) and Fig. 8
(sample 328).Fig. 6. (a) Variation of real part of dielectric constant. (b) Variation
of imaginary part of dielectric constant.
Fig. 7. Sample 311.
Fig. 8. Sample 328.
Fig. 9. Showed XRD of thin film with 8 ml of 0.01 M aqueous so-
lution of TEA added after in reaction solution.
Table 2
Showed miller indices, particle size and inter planer spacing.
Line Assigned
Indices (hkl)
Calcd.
spacing
Observed
spacing
Particle
size nm
1 100 2.78 2.78 11.36
2 002 2.60 2.58 20.48
3 101 2.46 2.45 21
4 102 1.90 1.91 13.86
5 210 1.61 1.61 9.3
6 103 1.47 1.47 19.25
7 212 1.37 1.37 14.9
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The results of our structural studies of the ZnO films
(Sample 328) were done with X ray diffraction and
show (100), (002), (101), (102), (210), (103) and
(212) distinct diffraction peaks for the films grown in
this study, as shown in Fig. 9. Table 2 showed
miller indices, particle size and inner planer spacing
[10,21,23].
The grain size (D) was estimated from Scherer's
formula
D¼ Kl=b cosq
where K is a dimensionless constant, 2Ө is the
diffraction angle, l is the x-ray wavelength, and b is
the full width at half maximum (FWHM)of the
diffraction peak. Particle size is obtained in nano range
[10,21,23].4. Conclusion
Zno films have been successfully prepared by CBD
method using ZnCl2 and NaOH with TEA as com-
plexing agent. The band gap of the film is 3.57 eV. The
film shows high transmittance in the visible/near
infrared regions of electromagnetic spectrum. Refrac-
tive index is (2e2.6). Value of the real part of dielectric
constant is 4e7. Plate and powder like morphology
showed in SEM images. Particle size was obtained in
nano range.
References
[1] D. Bao, H. Gu, A. Kuang, Sol gel-derived C-axis oriented ZnO
thin films, Thin Solid Films 312 (1988) 37e39.
[2] B. Cao, W. Cal, From ZnO nanorods to nanoplates: chemical
bath deposition growth and surface-related emissions, J. Phys.
Chem. C 2008 (112) (2008) 680e685.
[3] V. Dubey, R. Tiwari, R.K. Tamrakar, G.S. Rathore, S. Chitrakat,
Infrared spectroscope and upconversion luminescence behaviour
of erbium doped ytterbium (III), oxide phosphor, Infrared Phys.
Technol. 67 (2014) 537e541. http://dx.doi.org/10.1016/j.
infrared.2014.09.014.
[4] D.D.O. Eya, A.J. Ekpunob, C.E. Okeke, Influence of thermal
annealing on the optical properties of tin oxide thin films
164 P.B. Taunk et al. / Karbala International Journal of Modern Science 1 (2015) 159e165prepared by chemical bath deposition technique, Acad. Open
Internet J. ISSN: 1311-4360 17 (2006).
[5] A. Eya, J. Ekpuno, C.E. Okeke, Optical properties and applica-
tion of lead oxide thin film prepared by chemical bath deposition
technique, Acad. Open Internet J. 14 (2005).
[6] D.D.O. Eya, A.J. Ekpunob, C.E. Okeke, Structural and optical
properties and application of zinc oxide thin films prepared by
chemical bath deposition technique, Pac. J. Sci. Technol. 6 (1)
(2005) (spring).
[7] F.I. Ezema, C.E. Okeke, Chemical bath deposition of bismith
oxide thin films and its application, GJST 3 (2) (2002) 90e109.
[8] Ezema, Azogwa, Preparation and optical properties of chemical
bath F.I deposited beryllium chloride thin films, Pac. J. Sci.
Technol. 5 (1) (2003) (spring).
[9] F.I. Ezema, A.B.C. Ekwealor, R.U. OSUJi, Optical properties of
chemical bath deposited nickel oxide thin films, J. Optoelectron.
Adv. Mater. 19 (6) (2007) 1898e1903.
[10] A. Guinier, X-Ray Diffraction, Freeman, San Francisco, Calif,
USA, 1963.
[11] M.R. Islam, J. Podder, Optical properties of ZnO nano fiber thin
films grown by spray pyrolysis of zinc acetate precursor, Cryst.
Res. Technol. 44 (3) (2008) 286e292.
[12] K.P. Shinde, R.C. Pawar, B.B. Sinha, H.S. Kim, S.S. Oh,
K.C. Chung, Study of effect of planetary ball milling on ZnO
nanopowder synthesized by co-precipitation, J. Alloys Compd.
(2014). http://dx.doi.org/10.1016/j.jallcom.2014.08.030.
[13] Y.J. Kim, H.J. Kim, Trapped oxygen in the grain boundaries of
ZnO polycrystalline thin films prepared by plasma-enhanced
chemical vapour deposition, Mater. Lett. 41 (1999), 159e153.
[14] Peng Zhiwei, Dai Guozhang, Chen Peng, Zhang Qinglin,
Wan Qiang, Zou Bingsuo, Synthesis, characterization and op-
tical properties of star-like ZnO nanostructures, Mater. Lett. 64
(2010) 890.
[15] I.P. Sahu, D.P. Bisen, N. Brahme, R.K. Tamrakar,
R. Shrivastava, Luminescence studies of dysprosium doped
strontium aluminate white light emitting phosphor by com-
bustion route, J. Mater. Sci. Mater. Electron. 26 (11) (2015)
8824e8839.
[16] I.P. Sahu, P. Chandrakar, R.N. Baghel, D.P. Bisen, N. Brahme,
R.K. Tamrakar, Luminescence properties of dysprosium doped
calcium magnesium silicate phosphor by solid state reaction
method, J. Alloys Compd. 649 (2015) 1329e1338.
[17] I.P. Sahu, D.P. Bisen, N. Brahme, R.K. Tamrakar, Lumines-
cence enhancement of bluish-green Sr2Al2SiO7:Eu
2þ phosphor
by dysprosium co-doping, J. Luminescence 167 (2015)
278e288.
[18] G. Santana, Y. Vacio, et al., Structural and optical properties of
(Zno)x (cdo)1-x thin films obtained by spray pyrolysis, Su-
perficies 9 (1999) 300e320.
[19] A.K. Singh, V. Viswanath, V.C. Janu, Synthesis, effect of
capping agents, structural, optical and photoluminescence
properties of ZnO nanoparticles, J. Luminescence 129 (2009)
874e878.
[20] T.K. Subramanya, B.S. Naidu, S. Uthanna, Physical properties
of zinc oxide film prepared by de-reactive magnetron sputtering
at different sputtering pressures, Cyst. Res. Tectnol. 5 (2000)
1193e1202.
[21] R.K. Tamrakar, UV-irradiated thermoluminescence studies of
bulk CdS with trap parameter, Res. Chem. Intermed. (2013),
http://dx.doi.org/10.1007/s11164-013-1166-4.
[22] R.K. Tamrakar, D.P. Bisen, Optical and kinetic studies of CdS:
Cu nanoparticles, Res. Chem. Intermed. 39 (2013) 3043e3048.[23] R.K. Tamrakar, Studies on Absorption Spectra of Mn Doped
CdS Nanoparticles, LAP Lambert Academic Publishing, Ver-
lAg, 2012, ISBN 978-3-659-26222-7.
[24] R.K. Tamrakar, D.P. Bisen, I. Sahu, Structural characterization of
combustion synthesized Gd2O3 nanopowder by using glycerin as
fuel, Adv. Phys. Lett. ISSN: 2349-1108 1 (1) (2014) 6e9.
[25] R.K. Tamrakar, D.P. Bisen, I. Sahu, N. Bramhe, Raman and
XPS studies of combustion route synthesized monoclinic phase
gadolinium oxide phosphors, Adv. Phys. Lett. ISSN: 2349-1108
1 (1) (2014) 1e5, 2014.
[26] R.K. Tamrakar, D.P. Bisen, C.S. Robinson, I.P. Sahu, N. Brahme,
Ytterbium doped gadolinium oxide (Gd2O3:Yb
3þ) phosphor:
topozlogy, morphology, and luminescence behaviour in Hindawi
Publishing Corporation, Indian J. Mater. Sci. 2014 (2014) 7.
Article ID 396147, http://dx.doi.org/10.1155/2014/396147.
[27] R.K. Tamrakar, D.P. Bisen, I.P. Sahu, N. Brahme, UV and
gamma ray induced thermoluminescence properties of cubic
Gd2O3:Er
3þ phosphor, J. Radiat. Res. Appl. Sci. (2014), http://
dx.doi.org/10.1016/j.jrras.2014.07.003.
[28] R.K. Tamrakar, D.P. Bisen, K. Upadhyay, N. Bramhe, Effect of
fuel on structural and optical characterization of Gd2O3:Er
3þ
phosphor, J. Luminescence Appl. 1 (1) (2014) 23e29.
[29] R.K. Tamrakar, D.P. Bisen, K. Upadhyay, S. Tiwari, Synthesis
and thermoluminescence behavior of ZrO2:Eu
3þ with variable
concentration of Eu3þ doped phosphor, J. Radiat. Res. Appl.
Sci. (2014). http://dx.doi.org/10.1016/j.jrras.2014.08.006.
[30] R.K. Tamrakar, M.K. Kowar, K. Uplop, C.S. Robinson, Effect
of silver concentration on thermoluminescence studies of
(Cd0.95Zn.05)S phosphors with trap depth parameters synthe-
sized by solid state reaction method, Columbia Int. Publ. J.
Luminescence Appl. 1 (2) (2014) 61e72.
[31] R. Tamrakar, V. Dubey, S.N. Swamy, R. Tiwari, S.V.N. Pammi,
P.V. Ramakrishna, Thermoluminescence studies of UV-
irradiated Y2O3:Eu
3þ doped phosphor, Res. Chem. Intermed.
39 (8) (October 2013) 3919e3923.
[32] R.K. Tamrakar, N. Tiwari, R.K. Kuraria, V. dubey,
K. Upadhyay, Effect of annealing temperature on thermolumi-
nescence glow curve for UV and gamma ray induced ZrO2:Ti
phosphor, J. Radiat. Res. Appl. Sci. (2014), http://dx.doi.org/
10.1016/j.jrras.2014.10.005.
[33] R.K. Tamrakar, D.P. Bisen, N. Brahme, Characterization and
luminescence properties of Gd2O3 phosphor, Res. Chem.
Intermed. 40 (2014) 1771e1779.
[34] R.K. Tamrakar, D.P. Bisen, N. Brahme, Comparison of pho-
toluminescence properties of Gd2O3 phosphor synthesized by
combustion and solid state reaction method, J. Radiat. Res.
Appl. Sci. (2014). http://dx.doi.org/10.1016/j.jrras.2014.09.
005.
[35] R.K. Tamrakar, D.P. Bisen, N. Brahme, Influence of Er3þ
concentration on the photoluminescence characteristics and
excitation mechanism of Gd2O3:Er
3þ phosphor synthesized via
a solid-state reaction method, Luminescence (Impact Factor:
1.27). 11/2014 (2014), http://dx.doi.org/10.1002/bio.2803.
[36] R.K. Tamrakar, D.P. Bisen, N. Brahme, Effect of Yb3þ con-
centration on photoluminescence properties of cubic Gd2O3
phosphor, Infrared Phys. Technol. 68 (2015) (2015) 92e97.
[37] R.K. Tamrakar, D.P. Bisen, K. Upadhyay, Photoluminescence
behavior of ZrO2:Eu
3þ with variable concentration of Eu3þ
doped phosphor, J. Radiat. Res. Appl. Sci. (2014). http://dx.doi.
org/10.1016/j.jrras.2014.10.004.
[38] R.K. Tamrakar, K. Upadhyay, D.P. Bisen, Gamma ray induced
thermoluminescence studies of yttrium (III) oxide nanopowders
165P.B. Taunk et al. / Karbala International Journal of Modern Science 1 (2015) 159e165doped with gadolinium, J. Radiat. Res. Appl. Sci. (2014). http://
dx.doi.org/10.1016/j.jrras.2014.08.012.
[39] N. Tiwari, R.K. Kuraria, R.K. Tamrakar, Thermoluminescence
glow curve for UV induced ZrO2:Ti phosphor with variable
concentration of dopant and various heating rate, J. Radiat. Res.
Appl. Sci. (2014). http://dx.doi.org/10.1016/j.jrras.2014.09.006.
[40] T.A. Vijayan, R. Chandramohan, S.J. Valanarasu, S. Thirumalai,
T. Venkateswaran, S.R. Mahalim, S. hrikumar, Optimization of
growth conditions of ZnO thin films by chemical double dip
technique, Sci. Technol. Adv. Mater. 9 (2008), 035007 (5pp),
http://dx.doi.org/10.1088/1468-6996/9/3/035007.
[41] W.Widiyastuti, IvaMaula, Tantular Nurtono, Fadlilatul Taufany,
Siti Machmudah, Sugeng Winardi, Camellia Panatarani, Prepa-
ration of zinc oxide/silica nanocomposite particles via consecu-
tive solegel and flame-assisted spray-drying methods, Chem.
Eng. J. 254 (2014) 252e258.[42] Y. Yang, X.H. Wang, C.K. Sun, L.T. Li, Structural and optical
properties of ZnO nanoparticles synthesized at different pH
values, J. Appl. Phys. 105 (2009) 094304.
[43] D.P. Bisen, R. Sharma, N. Brahme, R. Tamrakar, Effect of
temperature on the synthesis of CdS: Mn doped nanoparticles,
Chalcogenide Lett. 6 (9) (2009) 427e431.
[44] P.B. Taunk, R. Das, D.P. Bisen, Raunak Kumar Tamrakar,
Synthesis, structural characterization and study of blue shift in
optical properties of zinc oxide nano particles prepared by
chemical route method, Superlattices and Microstruct. (2015).
http://dx.doi.org/10.1016/j.spmi.2015.09.039.
[45] D.D.O. Eya, A.J. Ekpunob, C.E. Okeke, Structural and optical
properties and application of zinc oxide thin films prepared by
chemical Bath deposition Technique, Pac. J. Sci. Technol. 6 (1)
(2005) (spring).
